I 



PATENT ABSTRACTS OF JAPAN 



(1 l)Publication number : 06-267974 
(43)Date of publication of application : 22.09.1994 



(51)Int.CI. 




HOIL 21/336 








HOIL 29/784 








HOIL 21/265 




(21) Application number : 


05-052180 


(71)Applicant : 


OKI ELECTRIC EVD CO LTD 


(22)Date of filing: 


12.03.1993 


(72)Inventor : 


KITA AKIO 



(54) MANUFACTURE OF SEMICONDUCTOR ELEMENT 

(57)Abstract: 

PURPOSE: To prevent the local deepening of a junction in the edge portion 
of a gate electrode by performing an ion implantation for conversion to 
amorphous state from a direction oblique to the vertical direction of the 
principal surface side of a semiconductor substrate. 

CONSTITUTION: After forming a gate electrode 3 of a MOS tmsistor on a 
semiconductor substrate 1 by a patterning, with the gate electrode 3 as a mask 
the ion implantation of silicon 6 for conversion to amorphous state is 
performed at a certain angle with the vertical direction of the principal surface 
of the semiconductor substrate 1 . Then, after a sufficient amorphous region 4 
is also formed in the lower area of an edge portion 3 a of the gate electrode 3, 
the ion implantation of boron 7 as an impurity is performed to form a 
sourcedrain diflusion layer 5. Consequently, the channeling can effectively 
prevented, and a shallow junction of the diffusion layer 5 can be formed. 
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* NOTICES ♦ 



Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 -This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the manufacture technique of the semiconductor device of the fme structure, 

especially MIS type semiconductor device. 

[0002] 

[Description of the Prior Art] In recent years, 16 M bit DRAM with a minimum manipulation dimension of 0.5 micrometers or 
less has come [ a **** better potato's is in progress of high integration of semiconductor integrated circuit equipment, and ] to be 
put in practical use. Although the development of micro-processing technique has contributed to such progress greatly of course, 
the hi^y efficient fme structure transistor is contributing more than it greatly. 

[0003] In the-MOS transistor, generally, the so-called scaling law is applied and highly efficient-ization has been attained. It is 
increased k times by the switching speed, power consumption is increased to 1/k, keeping the electric-field configuration in an 
element constant, when this scaling law reduces the dimension and voltage also including the depth orientation of an element by 
1/k time (k> 1) and increases impurity concentration k times, and highly efficient-ization is attained. 
[0004] Although the ideal scaling could realize in fact neither the case where supply voltage cannot be reduced, nor a work 
function difference, because of the physical quantity which cannot carry out a scaling, highly efficient-ization was performed by 
the scaling according to the status. 

[0005] Although reduction of the superficial dimension of an element is realized by the micro-processing technique mainly 
represented by phot lithography -, reduction of the depth orientation has the large place depended on diffusion technique. It is a 
scaling overlay important point to form a junction of a source drain diffusion layer shallowly, and various techniques are 
proposed. 

[0006] The P type difiiision layer in the inside of a silicon substrate is especially difficult to form a shallow junction compared 
with N type. This is because there are no suitable elements other than boron as a P type impurity in the inside of a silicon 
substrate. Boron is a light element, and its range in an ion implantation is large, and it tends to cause the so-called channeling 
which passes through the clearance of the atom of a silicon single crystal fiirther. -Moreover, since the difiiision constant of a under . _ 
[ a silicon crystal ] is large, it is easily spread with heat treatment. 

[0007] Although it is difficult to form a shallow P type junction by such ground, the technique about some shallow junction 
formation is proposed. The pli amorphous method which is the example make a crystal amorphous-substance-ize in advance of 
the ion implantation of an impurity introduction is explained using the process cross section of drawing 2 . According to the 
manufacture technique of a usual MOS transistor, patterning of the gate oxide film 2 and the gate electrode 3 is first performed on 
the silicon semiconductor substrate 1 . 

(not shown) Next, as shown in drawing 2 (A), the gate electrode 3 is used as a mask, into the silicon semiconductor substrate 1 , 
the ion implantation of the silicon 6 is carried out, and the noncrystalline field 4 is formed. 

[0008] Next, as shown in drawing 2 (B), the gate electrode 3 is used as a mask, as a P type impurity, the ion implantation of the 
boron 7 is carried out by the low energy, and the source drain difiiision layer field 4 of shallow P+ junction is formed. 
[0009] Although an explanation detailed about a next process is excluded, it carries out the recrystallization of the amorphous 
field 4 by annealing, and forms the MOS transistor according to the usual process henceforth. 
[0010] 

[Problem(s) to be Solved by the Invention] However, by the above-mentioned ph amorphous method, since-izing of the silicon of 
the edge partial 3 a lower part of a gate electrode was not fiilly able to be carried out [ amorphous ] under the influence of the mask 
of the gate electrode 3, the channeling of boron was produced in this fraction and there was a fault that a junction of the source 
drain difiiision layer field 4 will become deep. 

[001 1] This invention prevents enhancement of the local junction in the edge fraction of the gate electrode described above, and 

aims at offering the semiconductor device formed of the shallow junction suitable for the fme structure transistor. 

[0012] 

[Means for Solving the Problem] The process which this invention forms the mask material which consists of a gate electrode etc. 
on a semiconducting-crystal substrate in shallow junction formation of a semiconductor device, and forms a mask pattern. The 
aforementioned mask pattern is used as a mask, in the aforementioned semiconducting-crystal substrate the same element as the 
aforementioned semiconducting-crystal substrate, or an inactive element The process which forms the field which carried out the 
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ion implantation from the orientation of slanting to the perpendicular direction by the side of the main front face of the 
aforementioned semiconductor substrate, and was amorphous-substance-ized to the main front-face side of the aforementioned 
semiconducting-crystal substrate. The process which carries out the ion implantation of the impurity from the perpendicular 
direction on the front face of main of the aforementioned semiconductor substrate all over the amorphous-substance-ized field 
which uses the aforementioned mask pattern as a mask and was formed in the main front-face side of the aforementioned 
semiconducting-crystal substrate, and forms a diffusion layer all over the field amorphous-substance-ized [ above ], annealing 
processing of the aforementioned semiconducting-crystal substrate is carried out, and it carries out for performing the process 
which carries out the recrystallization of the field amorphous-substance-ized [ above ] 
[0013] 

[Function] Since the ion implantation for amorphous-izing is performed from across, an ion implantation is fiilly performed also 
into the silicon substrate equivalent to the lower part of the edge sections, such as a gate electrode used as a mask in the case of an 
impurity ion implantation. Therefore, it amorphous-substance-izes until a semiconductor substrate can suppress effectively the 
channeling in the case of an impurity ion implantation also in this field. 
[0014] 

[Example] Drawing 1 (A) - (D) is the process cross section having shown the example of this invention. As first shown in 
drawing 1 (A), the gate oxide film 2 and the gate electrode 3 are formed on the silicon semiconductor substrate 1 according to a 
usual silicon-gate MOS process. Since a P channel MOS transistor is formed in this example, a substrate or a well is N type. 
[0015] Next, as shown in drawing 1 (B), in order to amorphous-substance-ize the silicon semiconductor substrate 1, the ion 
implantation of the silicon 6 is carried out. This injection condition has the desirable direction which lessens a dose as much as 
possible in the domain which can carry out [ amorphous ]-izing of the silicon semiconductor substrate 1 from the point of 
crystalline recovery. Li this example, by dose lxl014cm-2 and about [ placing energy 30keV ], the angle of 30 degrees or 45 
degrees is perpendicularly given to seniiconducior substrate 1 front face, and an ion implantation is performed. An ion 
implantation is performed while the silicon 6 by which the ion implantation was carried out rotates the semiconductor substrate 1 
to a gate electrode at this time so that asymmetry may not arise. By carrying out like this, also in the gate electrode edge section 3 a 
lower part, tiie amorphous field 4 is fiilly formed, and the channeling in the impurity ion implantation in a next process is 
suppressed effectively. 

[0016] Next, as shown in drawing 1 (C), as a P type impurity, the ion implantation of the boron 7 is carried out at a perpendicular 
or perpendicularly near angle to a semiconductor substrate main front face, and the P type diffiision layer 5 is formed. 
Ion-implantation conditions were made into dose l-5xl015cm-2 and about [ energy lOkeV ] in this example. 
[00 1 7] Next, as shown in drawing 1 (D), in order to carry out the recrystallization of the amorphous substance, annealing is 
performed at the temperature of about 800 degrees. In this case, high concentration and ****** can be formed by making it low 
temperature in the domain which can carry out a recrystallization. The MOS transistor is formed according to the usual process 
after this. 

[001 8] In the above example, although silicon was used for the ion implantation for amorphous-izing, you may use an inactive 
element, for example, an argon, a krypton, etc. Moreover, it is also applicable to N+ diffusion layer formation using Lynn 
although-big P+ diflusiou; layer formation of especially an effect was described. This invention can also be used for formation of a 
low concentration layer, being able to use a transistor as LDD structure fiirthermore. 
[0019] 

[Effect of the Invention] Since according to this invention the angle was given to the semiconductor substrate main surface 
perpendicular direction and the ion implantation for amorphous-izing was performed as explained to the detail above, the ion 
implantation for amorphous-izing is fiilly performed also into the semiconductor substrates of the edge lower field used as a mask 
in the case of impurity injection, such as a gate electrode. Since it was made to carry out the ion implantation of the impurity next, 
impurity ion will be poured in all over the fiilly amorphous-substance-ized substrate field, and a channeling is prevented 
effectively and that of it is possible. ConsequenUy, since shallow jimction formation of a difiusion layer is attained, a highly 
efficient detailed transistor can be formed. 



[Translation done.] 
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